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Strong and nonmonotonic temperature dependence of Hall coefficient in
superconducting KxFe2−ySe2 single crystals
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In-plane resistivity, magnetoresistance and Hall effect measurements have been conducted on
quenched KxFe2−ySe2 single crystals in order to analysis the normal-state transport properties. It
is found that the Kohler’s rule is well obeyed below about 80 K, but clearly violated above 80 K.
Measurements of the Hall coefficient reveal a strong but non-monotonic temperature dependence
with a maximum at about 80 K, in contrast to any other FeAs-based superconductors. With the
two-band model analysis on the Hall coefficient, we conclude that a gap may open below 65 K. The
data above 65 K are interpreted as a temperature induced crossover from a metallic state at a low
temperature to an orbital-selective Mott phase at a high temperature. This is consistent with the
recent data of angle resolved photoemission spectroscopy. These results call for a refined theoret-
ical understanding, especially when the hole pockets are absent or become trivial in KxFe2−ySe2
superconductors.
PACS numbers: 74.20.Rp, 74.70.Dd, 74.62.Dh, 65.40.Ba
I. INTRODUCTION
In iron-based superconductors (FeSCs), it is very im-
portant to understand the electron correlation in differ-
ent bands and the orbital selective Mott transitions. As
revealed by angle resolved photoemission spectroscopy
(ARPES) and band structure calculations, the super-
conductivity and normal state of FeSCs are governed
by their electronic structure involving the Fe 3d or-
bitals crossing the Fermi energy1. Due to different struc-
tures and probably different methods for fabrication, the
iron chalcogenide superconductors show up with differ-
ent superconducting transition temperatures, for exam-
ple, Tc ≈ 8 K for Fe1−xSe single crystals
2, Tc ≈ 16 K
for FeSe1−xTex
3, Tc ≈ 32 K for KxFe2−ySe2
4,5. Fur-
thermore, a superconducting-like gaped feature can even
be found in the monolayer thin film of FeSe/SrTiO3
at 65 K6,7, this brings about new vitality in explor-
ing high temperature superconductivity in the iron pnic-
tide/chalcogenide systems.
In 2010, the discovery of the new KxFe2−ySe2 su-
perconductor has generated great excitement in the
community8. Previously, it was proposed that the pair-
scattering of electrons between the hole and electron
pockets might drive the electron pairing with an S±
pairing symmetry9,10. Nevertheless, the superconduct-
ing KxFe2−ySe2 seems containing only electron pock-
ets around the M-point, the hole pockets which appear
in most FeAs based superconductors near the Γ-point
are absent11, which certainly leads to a challenge to
explain the superconductivity by the nesting effect be-
tween the hole and electron pockets. Later on, it is
found that the KxFe2−ySe2 sample separates into two
phases12–14 - a dominant antiferromagnetic insulating
phase K2Fe4Se5
15–17, and a minority superconducting
phase whose exact structure and compositions are still
under debate13,18–20. For the superconducting phase,
it has been gradually conceived that the main struc-
ture is still the same as the typical BaFe2As2, but both
the Fe and K may be deficient, and these deficiencies
may form some kind of structures. Recently, the neu-
tron diffraction experiment indicates a potassium defi-
cient but iron stoichiometric formula KxFe2Se2 for the su-
perconducting phase21. Therefore the study of such ma-
terial is complicated by the nature of mesoscopic phase
separation8,12,13,15,21, and it is very challenging to ex-
plore the properties of the normal state of the supercon-
ducting phase. Recently, Yi et al. reported the study
of ARPES on AxFe2−ySe2 (A = K, Rb) single crys-
tals, and proposed an orbital-selective Mott transition in
the normal state22. Moreover, femtosecond pump-probe
spectroscopy23 and THz spectroscopy24 studies also ev-
idenced the Mott-transition-like behavior in the normal
state. These properties are consistent with the prediction
of a multiband theory assuming strong on-site Coulomb
interactions25. Due to the reactivity of potassium ele-
ment, the sample of KxFe2−ySe2 is very sensitive in air,
therefore, as far as we know, the Hall effect has been
seldom investigated in KxFe2−ySe2. Previous prelim-
inary measurements reveal that the Hall coefficient is
negative over the whole temperature range, indicating
that the system is dominated by electronic-like charge
carriers4,5,26, being consistent with the observation of the
electron Fermi pockets in the ARPES measurements.
In this paper, we study the normal-state transport
properties of quenched KxFe2−ySe2 superconducting sin-
gle crystals with Tc = 32 K through the in-plane resis-
tivity, transverse magnetoresistance (MR) and Hall ef-
fect measurements. We find that the Kohler’s rule is
obeyed in the low temperature region. The Hall co-
efficient has a strong but non-monotonic temperature
dependence below 150 K. This is in contrast with the
FeAs-based systems in which the Hall coefficient shows
a monotonic temperature dependence27–29. These ab-
normal temperature-dependent behaviors cannot be de-
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FIG. 1: (color online) Temperature dependence of in-plane re-
sistivity measured for the quenched KxFe2−ySe2 single crystal
with a broad hump appearing at TH ∼ 240 K. A sharp super-
conducting transition is observed at about 32 K. An enlarged
view near the superconducting transition is shown as an inset.
scribed by one single band model, suggesting the multi-
band nature in KxFe2−ySe2. Using a two-band model
(mainly dxz/yz and dxy) analysis, we conclude that a gap
may open below 65 K, while the non-monotonic temper-
ature dependence of the Hall coefficient could be under-
stood as a consequence of an orbital-selective Mott tran-
sition. These results would trigger further theoretical
and experimental studies of the orbital selective correla-
tion effect in FeSCs.
II. MEASUREMENTS OF
MAGNETORESISTANCE AND HALL EFFECT
The KxFe2−ySe2 single crystals used for the transport
measurements were fabricated by a self-flux method with
a starting synthesizing composition of K:Fe:Se=0.8:2:2.
The crystals are rapidly quenched in liquid nitrogen af-
ter heating to 350 ◦C and staying for several hours. De-
tails of the preparation were described elsewhere20. The
quenching process can greatly improve the connection
of the tiny superconducting networks (paths), and thus
the global appearance of superconductivity is much bet-
ter than the slowly cooled samples of KxFe2−ySe2
20,30,31.
X-ray diffraction patterns (XRD) taken on the quenched
crystals show only (00l) peaks with some small accom-
panying peaks. We think that the main diffraction (00l)
peaks of the XRD pattern are coming from the major
part of the sample, i.e., the K2Fe4Se5 matrix, while the
small accompanying peaks are coming from the minor-
ity superconducting networks. Because there is clear evi-
dence of phase separation in the sample, it is meaningless
to claim an uniform composition through out the sam-
ple. The microanalysis using energy-dispersive-spectrum
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FIG. 2: Field dependence of the magnetoresistance of
KxFe2−ySe2. (a) The MR below 80 K. Solid lines are the
fits as a function of H2. The inset shows temperature de-
pendence of MR measured at a magnetic field of 5 T. A pro-
nounced minimum occurs at 80 K. The red line is a fit to the
data below 80 K as a function of T−2. (b) The MR above 85
K plotted verse H2.
(EDS) on the samples reveals that the background has
a composition close to K:Fe:Se=2:4:5. For the present
quenched sample, since the minority superconducting
phase (path) has very small size which is smaller than the
size of the electron beam in the EDS analysis, we could
not use the EDS technique directly to get valid values of
compositions for the three elements20. Transport mea-
surements were carried out with the six-lead method in a
Quantum Design instrument physical property measure-
ment system (PPMS). The electric contacts were made
using silver paste in a glove box filled with nitrogen at-
mosphere. We have worked on two samples from different
batches and the results are similar to each other.
In the KxFe2−ySe2 system, one concern is the phase-
separation property, the superconducting and insulating
phases could both contribute in transport measurements.
As shown in Fig. 1, a broad hump with the peak at TH ∼
240 K is observed in the normal-state, being similar to
those reported previously4,20,30,31. This anomaly, being
3sensitive to the preparation process, could be caused by
the connection in series between the metallic and the in-
sulating phases as a result of the phase-separation pic-
ture. Hence, we mainly focus on the normal-state prop-
erties below TH which are dominated by contributions
from the metallic phase (superconducting paths below
Tc). The small residual resistivity with sharp supercon-
ducting transition (Tc = 32 K) indicates good connectiv-
ity of the superconducting paths.
In order to get more information of the normal-state
properties, further investigations are provided by the
transverse MR and Hall effect measurements on the same
sample. In general, for most normal metals, the MR ex-
hibits a H2-dependence in the weak-field limit, and the
MR normally affords a useful method to investigate the
nature of electronic scattering. In Fig. 2(a), we show the
field dependence of the transverse MR, ∆ρxx/ρ0, below
80 K, solid lines are fits to ∆ρxx/ρ0 = aH
2, ρ0 is the re-
sistivity under zero magnetic field. It is clear that the MR
increases as H2 in the sweeping magnetic field up to 5 T,
signaling metallic behavior for T ≤ 80 K, while the slight
deviation at 35 K can be attributed to the superconduct-
ing fluctuations at a finite magnetic field. Besides, there
is a fundamental difference in the MR between T ≤ 80
K and T ≥ 85 K. In the latter, as shown in Fig. 2(b),
the MR seems not follow the H2-dependence, which in-
dicates a transition of the electronic characteristics from
one to another. The inset of Fig. 2(a) shows the tem-
perature dependence of MR at 5 T , a clear minimum
occurs at about 80 K and the MR below 80 K shows a
nice fit to the T−2-dependence. It is interesting to note
that, the crossover at around 80 K is consistent with the
measurement of the finite-frequency dielectric function
by means of terahertz spectroscopy in a Rb-based sister
compound32.
The Kohler’s rule33, which assumes a simple scaling
function of ∆ρ/ρ0 = F (H/ρ0), should be satisfied for a
single band metal with an isotropic Fermi surface, with ρ0
the resistivity at a fixed temperature and zero field. For
a multiband system, this rule is also applicable as long as
the number of charge carriers from each band is indepen-
dent on temperature and the scattering rates of different
bands have the similar temperature dependence34. From
the first glance at the data below 60 K, as shown in Fig.
3(a), it seems that the Kohler’s rule is slightly violated.
Actually this slight ”deviation” of Kohler’s rule may not
be true. The reason is that the resistivity at zero field,
namely ρ0(T )=ρ0(T = 0) + A/τ does not really reflect
directly the scattering rate 1/τ when the residual resistiv-
ity is sizable. In addition, as argued below, there maybe
a partial gap openning below 65 K, which may give an
influence of the Kohler’s scaling rule. Instead of using
the original scaling function ∆ρ/ρ0 = F (H/ρ0), we use
here a more accurate form of the Kohler’s scaling rule
∆ρ/ρ0 = F (Hτ) where τ is the relaxation rate
35. Since
the system exhibits metallic properties in the low tem-
perature region, we could assume the relaxation rate as
τ ∝ T−2. Fig. 3(b) shows the refined Kohler’s plot
of ∆ρ/ρ0 vs (Hτ)
2 ∝ (HT−2)2. One can see that the
Kohler’s rule is well obeyed below 80 K if we assume a
general scattering rate 1/T 2. In contrast, the Kohler’s
rule is drastically violated above 85 K, as shown with
the enlarged view in the inset of Fig. 3(a).
We now switch our attention to the temperature de-
pendence of Hall coefficient. In the present KxFe2−ySe2
system, Hall effect measurements may provide the mes-
sage concerning the temperature dependence of the
charge carrier density and mobilities of electrons in dif-
ferent bands of the superconducting phase. Since the in-
sulating phase K2Fe4Se5 has the nearest band 300 meV
below the Fermi energy, they should not contribute in
the Hall effect measurements below TH . In Fig. 4(a),
we show the Hall resistivity ρxy versus magnetic field
up to 5 T, a linear relation between ρxy and magnetic
field H has been found in wide temperature region (35
K to 150 K). From the ρxy(H) data, the Hall coefficient
RH is determined through RH = ρxy/H and shown in
Fig. 4(b). The negative RH over the whole tempera-
ture region up to 150 K reveals that the conduction is
dominated by electron-like charge carriers. However, the
most remarkable feature in Fig. 4(b) is that the RH(T )
shows a strong but non-monotonic temperature depen-
dence. This is in sharp contrast with the FeAs-based 122
samples in which the Hall coefficient is monotonically de-
pendent on temperature27–29. By having a closer scrutiny
to the temperature dependence of Hall coefficient, two
characteristic temperatures could be defined: Tgap = 65
K and Tmott = 85 K. Below 65 K, RH decreases rapidly
with a suppression towards lower temperatures. This is
quite similar to that in the FeAs-based superconductors.
Between 65 K and 85 K, RH is almost temperature in-
dependent, while it decreases upon raising temperature
from 85 K to 150 K. This anomalous behavior has never
been reported in previous studies in KxFe2−ySe2 and sug-
gests that something beyond the multi-band physics is
very important here in determining the electric conduc-
tion.
III. DISCUSSION
According to the band structure calculations and
ARPES studies, two sets of electronic orbitals near the
Fermi level, namely dxy and dxz/yz play an important
role. Since the dxz and dyz are normally degenerate, we
thus use a two band model to handle the issue. Based on
the Boltzmann transport theory in the weak field limit,
the equation of the Hall coefficient for two-band model
could be simplified as
RH =
σ21RH1 + σ
2
2RH2
(σ1 + σ2)2
=
n1µ
2
1 + n2µ
2
2
−e(n1µ1 + n2µ2)2
(1)
where σ1 = en1µ1, σ2 = en2µ2 and RH1 =
−1/en1, RH2 = −1/en2 are single band conductivity and
Hall coefficients for the two orbitals, respectively. Based
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FIG. 3: (color online) (a) The scaling of Kohler’s rule using
∆ρ/ρ0 = F (H/ρ0) at various denoted temperatures. Inset
shows the Kohler’s scaling of MR in low field region for se-
lective temperatures. (b) A refined Kohler’s plot below 80 K
using ∆ρ/ρ0 = F (Hτ ) and assuming 1/τ ∝ T
2.
on the MR analysis, the system exhibits metallic state be-
low 80 K and a T−2 temperature dependence was found
in our data. Thus, the mobility of the two orbitals are
expressed generally as µi = α1T
−2(i = 1, 2), α1 is a pa-
rameter related to the effective density of states. Since
the Kohler’s rule is well obeyed below 80 K, concerning
the fact that the recent THz spectroscopy experiments on
Rb1−xFe2−ySe2 report a gap-like suppression of optical
conductance below 61 K24, we thus attribute the tem-
perature dependence of the Hall coefficient below 65 K
to the temperature dependent of the charge carrier den-
sity. In this scenario we then define the carrier densities
as n1 = n
0
1 exp(−∆/kBT ) and n2 = n
0
2 exp(−∆/kBT )
where ∆ is a partial gap which opens at 65 K. The red
line in Fig. 4(b) presents excellent fitting results with
the two-band model. One may suggest that the tem-
perature dependence of the Hall coefficient RH below 65
K is related to the different temperature dependence of
the scattering rate 1/τi(i = 1, 2), this however cannot get
support from other experiments, for example the ARPES
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FIG. 4: (color online) (a) The transverse resistivity versus the
magnetic field at different temperatures. Solid lines are linear
fits. (b) Temperature dependence of Hall coefficient RH , two
characteristic temperatures could be defined: Tgap = 65 K
and Tmott = 85 K. Solid lines are theoretical curves using the
two-band model (see text).
and optical data.
After crossing a maximum, RH drops with increas-
ing temperature above 85 K, which signals the involve-
ment of a distinct electron scattering mechanism. This
turning point and the change of the temperature depen-
dence is consistent with the results of MR analysis. Re-
cently, an orbital-selective Mott transition was observed
by ARPES at about 90 K in the superconducting phase
of KxFe2−ySe2, where the spectral weight near Fermi sur-
face for the dxy orbital diminishes while the other orbitals
dxz/yz remain metallic
22. Moreover, investigations us-
ing pump-probe spectroscopy23 and THz spectroscopy24
also evidenced the Mott-transition related behavior in
the normal state. This scenario could give a reason-
able explanation to our data here. Since the dxz/yz or-
bital remains metallic, we still express the mobility of
dxz/yz orbital as µ1 = α1T
−2 and the carrier density
as a constant n01. Meanwhile, we consider that the dxy
band goes into the Mott phase with raising tempera-
ture. As it is well known, the Mott insulating behav-
5ior has been experimentally identified and theoretically
explained in terms of the band narrowing effect associ-
ated with the electron-electron correlation. Therefore,
the mobility of dxy orbital could be interpolated with
the formula µ2 = α2T
−β/(1 + γT ), where 1/(1 + γT )
is the modification term associated with the Mott tran-
sition. To approach a solution, we may set the carrier
density of the dxy orbital as a constant n
′
2 for simplic-
ity. Thus, the expression of the Hall coefficient with the
orbital-selective Mott phase is written as
RH =
n01(αT
−2)2 + n′2(
T−β
1+γT )
2
−e(n01αT
−2 + n′2(
T−β
1+γT ))
2
(2)
where α = α1/α2 is the relative ratio of the mobility
coefficient of the two orbitals. In Fig. 4(b), the blue solid
line above 85 K shows the theoretical fitting result. Con-
sequently, we acquire the parameters as ∆ = 7.7 meV,
n01 = 9× 10
26 m−3, n02 = 9 × 10
26 m−3, n′2 = 1.1× 10
26
m−3, α = 500, β = 0.2 and γ = 0.001 K−1. The plateau
of the Hall coefficient RH between 65 K and 85 K may
be viewed as the crossover of the two different regions.
We note that the appearance of a gap with the value
of ∆ = 7.7 meV below 65 K could be compared to the
observation of high-temperature superconductivity at 65
K in single-layer FeSe films6,7. We also can’t rule out
the possibility of a pseudogap opening or other expla-
nations for this gap-like suppression of RH below 65 K.
The decrease of RH for increasing temperature starting
from 85 K can get a strong support from the scenario of
the orbital-selective Mott transition in this system. The
explanation based on the orbital selective Mott transi-
tion should call for further theoretical and experimental
efforts.
IV. CONCLUSION
In summary, magnetoresistance and Hall coefficient
RH have been measured in superconducting KxFe2−ySe2
single crystals. The Kohler’s rule is well obeyed below 80
K by assuming a general scattering rate 1/τ ∝ T 2. We
have observed a strong and non-monotonic temperature
dependence of the Hall coefficient in the normal state.
Using a two-band model analysis and combining with the
published data of the time domain optical conductivity
measurements, we conclude that a gap may open below
65 K, while the data above 85 K could be understood as
a consequence of an orbital-selective Mott transition of
the dxy band.
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